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Enzyme activities of the single juxtaglomerular apparatus in
the rat kidney. The single juxtaglomerular apparatus (JGA)
can be easily microdissected according to the following proce-
dure: the renal vascular tree is filled with Microfil, its pro-
gression through the vascular system is stopped by clamping
the renal pedicle, and the kidney is then snap-frozen immedi-
ately. Once freeze-dried, single JGA's can be dissected under the
stereomicroscope. Microfil injection permits precise identification
of the afferent arteriole of the glomerulus. Converting enzyme
activity was measured in single JGA's and found to be present.
Angiotensinase activity was analysed in different structures of
the rat kidney. The juxtamedullary JGA contained more angio-
tensinase activity than did the superficial JGA. Angiotensinase
activity, in both the superficial and juxtamedullary JGA, was
reduced approximately 50 % when EDTA was added to the
incubation mixture. Renin activity was measured in superficial
and juxtamedullary JGA's of rats maintained on a standard
diet, or rats that were sodium-loaded or sodium-deprived. Al-
though the superficial JGA of sodium-deprived rats exhibited
a higher mean renin activity than did the juxtamedullary JGA,
this difference was not significant statistically. The superficial
and juxtamedullary JGA of sodium-deprived rats was found
to have significantly higher renin activity than that of the super-
ficial or juxtamedullary JGA in sodium-loaded rats.
Activites enzymatiques de l'appareil juxtaglomérulaire isolé
du rein de rat. L'appareil juxtaglomerulaire isolé (JGA) peut
être facilement microdisséque selon Ia procedure suivante:
l'arbre vasculaire renal est rempli avec du Microfil, et sa pro-
gression dans le système vasculaire est arrêtée par clampage du
pédicule renal et les reins sont alors immédiatement congeles.
Une fois, congelés, des JGA isolés peuvent ètre disséqués sous
le stéréomicroscope. L'injection de Microfil permet d'identifier
de facon precise l'artériole afférente du glomerule. L'activité
de l'enzyme de conversion a été mesuréedans des JGA isolés et
sa presence a été confirmée. L'activité de l'angiotensinase a été
analysée dans différentes structures du rein de rat. Les JGA
juxtamédullaires contenaient plus d'activité d'angiotensinase que
les JGA superficiels. L'activité de l'angiotensinase dans les
JGA superficiels aussi bien que juxtamédullaires a été réduite
de 50 % approximativement lorsque de I'EDTA était ajouté au
milieu d'incubation. L'activité rénine a été mesurée dans les
JGA superficiels et juxtamédullaires de rats maintenus sous
diète normale ou de rats surchargés ou déplétés en sodium.
Bien que les JGA superficiels des rats déplétés en sodium con-
tenaient une plus grande activité moyenne en refine que les
JGA juxtamédullaires, cette difference n'était pas significative
statistiquement. II s'est avéré que le contenu en activité refine
des JGA superficiels et juxtamédullaires des rats déplétés en
sodium était significativement plus élevé que les JGA super-
ficiels et juxtamédullaires des rats surchargés en sodium.
The results of several studies have suggested that the
normal function of the juxtaglomerular apparatus
(JGA) is somehow involved in the intrarenal control
of sodium excretion [1—7]. Recently Schnermann et al
[4] have provided direct evidence that the glomerular
filtration rate of superficial nephrons is related to the
amount of sodium delivered to the distal tubule. These
same authors also presented evidence that the trigger-
ing signal is a function of the amount of sodium that
is able to permeate the luminal membrane of the
macula densa cells.
It is still too early to describe the operational details
of such a mechanism. However, if such a control
system for single nephrons does exist, it must be
assumed that vasoactive angiotensin is produced locally
in the area of the individual JGA. If so, renin substrate,
renin and converting enzyme-like activity1 should also
be present if the intrarenal formation of angiotensin
is to occur. Furthermore, angiotensinase activity
should be within a range which allows angiotensin II
to exert its biological effect.
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I We prefer to use the term "converting enzyme-like activity"
since the existence of a specific converting enzyme in single
JGA's has not yet been established.
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Microdissection techniques afford an opportunity
to study the presence of different factors governing
the formation of angiotensin II at the site of the JGA.
Since the rabbit kidney is rich in renin and it is easier
to isolate the different nephron structures from the
non-macerated kidney of this species [8], the rabbit
has thus far been used in most studies of the renin
content of different renal structures [9—18]. The avail-
ability of a reliable technique permitting the isolation
of a single JGA from rat kidney in order to assay its
renin content would be highly advantageous in view
of the fact that most studies of individual nephron
function have been done in the rat using renal micro-
puncture techniques. Combined studies of single
nephron function and the enzymatic pattern of the
JGA would permit further assessment of the intra-
renal role of the renin-angiotensin system in the con-
trol of sodium excretion.
In the present study we describe a method of micro-
dissection of single JGA's from slices of snap-frozen
and freeze-dried rat kidney. This method of micro-
dissection has two major advantages as compared to
previously described techniques: 1) enzymatic reac-
tions may be stopped quickly at any desired time
during the course of an experiment; 2) the structures
need not be dissected immediately as is the case with
fresh kidney. This newer method of microdissection
was applied to a study of the effects of sodium deple-
tion and sodium loading on the renin content of single
JGA's in different layers of the renal cortex. Also in-
cluded were measurements of converting enzyme-like2
and angiotensinase activity in the single JGA.
Methods
Microdissection. Female and male Wistar rats, weigh-
ing 200 to 350 g, were used for JGA microdissection.
The rats were anesthetized with mactin, 100 mg/kg
body wt intraperitoneally. A tracheotomy was per-
formed and a small polyethylene cathether was in-
serted into a jugular vein. The left carotid artery was
also catheterized for the recording of blood pressure
and the injection of Microfil (silicone rubber injection
compound, Canton Bio-Medical Products, Inc.,
Swarthmore, Pa., U.S.A.). The left kidney was iso-
lated through a flank incision and then treated with
one of the two following methods for marking the vas-
cular tree and microdissecting single JGA's: 1) Meth-
2 Part of this study was presented at the 4th International
Congress of Nephrology, Stockholm, Sweden, 1969, [211.
od A. This technique consists of injecting orange
Microfil into the left carotid artery in order to fill the
renal vascular tree. Microfil is prepared by stirring
together 700mg MV-117 Orange, 300mg MV diluent
and 30 mg of curing agent, and used within 10 minutes.
This mixture is injected as a single bolus into the
carotid artery and the kidney is clamped when the
colored material reaches the superficial glomeruli. The
kidney is then placed immediately in a mixture of
acetone and dry ice for 20 to 30 seconds. Thereafter
the kidney is freeze-dried for 12 to 18 hours and
stored at —20°C. For microdissection both poles of
the kidney, as well as its anterior and posterior faces,
are discarded. Slices of renal cortex (1 to 2 mm thick),
extending from the capsule to the cortico-medullary
junction, are cut freehand from the cube of renal
tissue. The slice of kidney is covered with paraffin oil
and dissected at room temperature under a stereo-
microscope with the help of fine mounted needles.
A glomerulus and its JGA are dissected free only when
the origin of the afferent arteriole on the interlobular
or arciform arteries can be identified. The glomerulus,
the most distal part of the afferent arteriole (equivalent
in length to the diameter of the glomerulus), and the
tubular tissue in the immediate vicinity of this afferent
arteriole are used for enzymatic determinations. For
convenience, these microdissected structures will be
referred to as the juxtaglomerular apparatus (JGA).
The JGA is picked up on the tip of a needle and trans-
ferred to a siliconized polyethylene tube (Eppendorf
Reaktionsgefal3 3810) for enzymatic determinations.
This transfer is controlled under the stereomicroscope.
2) Method B. Since this method has been outlined
previously [19], only a short description will be given.
It consists of injecting 0.2 ml of a 2% Evans blue
solution in isotonic saline and clamping the kidney
as soon as its surface assumes a blue color. Slices of
kidney similar to those described in Method A are
obtained for microdissection. They are kept moist in
30% glycerine in 0.9% saline at 0 to 5°C. Microdissec-
tion is performed at 0 to 5°C under a stereomicro-
scope. With this technique the time of microdissection
never exceeds 90 minutes following removal of the
kidney.
Superficial JGA's always refer to those structures
lying immediately under the superficial aglomerular
outer cortex. The afferent arteriole of ajuxtamedullary
JGA always arises from an arcuate artery or the very
proximal segment of an interlobular artery. Whichever
procedure is used, the order of dissection of the JGA's
is alternated, the dissection of a superficial apparatus
80 Granger et a!.
being followed by that of a juxtamedullary one, or
vice versa.
Three tests were performed to ensure that the vari-
ous preparatory steps did not influence the renin
activity of the JGA: 1) the effect of freezing the kidney
in acetone and dry ice was determined in three rats as
follows: the left and right kidneys from the same ani-
mal were removed; in one animal, one kidney was
frozen by placing it in acetone and dry ice for 10 sec-
onds and both kidneys were then homogenized me-
chanically and their renin activity was measured. Tn
two more animals, the left kidney was separated into
its anterior and posterior halves. One half was frozen
by placing it in acetone and dry ice. They were also
homogenized mechanically and assayed for renin
activity. 2) Microfil was added before or after poly-
merization to incubation mixtures containing crude
or purified (prepared according to Method A of
Haas et al [20]) kidney extracts. Three such experi-
ments were done. 3) Four JGA's were microdissected
according to Method A. They were subsequently
separated into a glomerular fragment and a vascular
pole fragment containing the JGA in order to assay
the renin activity of each portion.
Converting enzyme-like activity. These determina-
tions were done on 18 JGA's obtained from rats
maintained on a standard rat diet (Altromin, Lage,
Westf., B-0l00). Converting enzyme-like activity in the
single JGA was determined as follows: 100 ng of
purified rat renin substrate3 as used previously for
determinations of renin activity [19] was dissolved in
0.1 ml of a solution (pH 6.5) containing 150 m phos-
phate buffer and traces of calcium chloride. This pre-
paration of purified renin substrate has been shown
previously to be devoid of angiotensinase and con-
verting enzyme activity4 [21]. A single JGA was added
to this solution. This mixture without EDTA was
homogenized for five seconds by ultrasound and then
incubated at 37°C for one hour. The enzymatic reac-
tion was stopped by boiling the incubation mixture
for three minutes and the formed angiotensin was
measured by 1) the blood pressure response of a rat
pretreated with pentolinium, and 2) the rabbit aortic
strip assay [22].
Angiotensinase activity. To assay angiotensinase
activity, 0.1 ml of a solution of 150 m phosphate buf-
Substrate is expressed as ng synthetic val-5 angiotensin
JI-amide (Hypertensin, Ciba) after incubation with an excess of
rat renin.
Dahiheim, H., Strauch, L., Weber, P., and Thurau, K.: (To
be published).
fer and 0.1 % neomycin sulfate containing 8 ng syn-
thetic val-5 angiotensin IT-amide (Hypertensin, Ciba)
was added to the microdissected structure in a silicon-
ized polyethylene tube (Eppendorf). This mixture was
then homogenized for five seconds by ultrasound.
After one hour of incubation at 37°C and pH 6.5, the
mixture was boiled for three minutes. In every ex-
periment three to six controls containing 0.1 ml of the
same solution of Hypertensin without microdissected
structures were incubated for one hour after five sec-
onds of ultrasonic homogenization and then boiled.
Assay of the amount of angiotensin in the samples
was performed by its intravenous injection into anes-
thetized pentolinium-treated rats, making bracket
comparisons with Hypertensin. The half-life of Hyper-
tensin was estimated from a linear plot on semilog
paper of the exponential disappearance of substrate.
As previously described [23], the half-life of angio-
tensin was expressed in hours and values exceeding
15 hours were regarded as infinite.
Single superficial (N= 28) and juxtamedullary
(N= 27) JGA's were prepared from the left kidney of
five normal rats according to our Method A. Single
superficial (N= 37) and juxtamedullary (N= 35) JGA's,
outer cortex (N=22) and medullary tissue (N=20),
vasa recta (N= 4) and interlobular arteries (N= 3) were
also prepared from the left kidney of nine normal rats
according to Method B. The volume of outer cortex
and medullary tissue, vasa recta and interlobular
arteries was equivalent to that of one JGA. In order
to assess the effect of EDTA on the angiotensinase
activity of single JGA's, the following experiment was
done: single superficial (N=20) and juxtamedullary
(N=20) JGA's from five rats were dissected according
to Method A and the angiotensinase activity was meas-
ured following the incorporation of 2 ILl of a 15%
solution of the ammonium salt of EDTA in the in-
cubation mixture.
Renin activity. Renin activity was determined in
single superficial and juxtamedullary JGA's of nor-
mal, salt-loaded and salt-depleted rats by the method
of Dahiheim, Granger and Thurau [19]. Briefly de-
scribed, the method is as follows: 100 ng of purified
rat renin substrate are dissolved in 0.1 ml of a solu-
tion containing 150 m phosphate buffer (pH 6.5) and
2 j.tI of a 15% solution of the ammonium salt of EDTA
[24] and added to one dissected JGA. This mixture is
homogenized for five seconds by ultrasound and in-
cubated at 37°C. The angiotensin formed is quantified
by the pentolinium pretreated rat blood pressure assay
after 15 minutes of incubation. The enzymatic reaction
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is stopped by boiling for three minutes. If less than
0.7 ng/JGA 0.01 ml 15 minutes is found, the incuba-
tion is carried out for a longer period. In any case the
incubation time never exceeds one hour.
In the first series of experiments, three rats were
given a high sodium diet and five rats were main-
tained on a low sodium diet for a period of 30 days.
The sodium-deprived animals were given the Altromin
Na-poor diet C-1740. The sodium-rich diet was pre-
pared by adding 10 g NaC1 to 100 g of the standard
Altromin diet which contained 1,200 mg Na/kg diet.
In all animals used here the kidney was treated accord-
ing to Method A and the JGA's were dissected. For
sodium-loaded animals a total of 15 superficial and
15 juxtamedullary JGA's were analysed. Determina-
tions were also performed on 28 superficial and 22
juxtamedullary JGA's from the salt-deprived rats.
In a second series of experiments, the JGA's were
isolated according to Method B from eight rats main-
tained on the standard Altromin diet. Measurements
were performed on 52 superficial and 48 juxtamedul-
lary JGA's. Estimates of renin activity were expressed
as ng per JGA per 0.1 ml incubation mixture per hour
of incubation (ng/JGA . 0.1 ml . hr).
Results
Converting enzyme-like activity. When renin from
a single JGA was allowed to react with purified renin
substrate the formed angiotensin initiated comparable
potency on rat blood pressure and the rabbit aortic
strip. Table 1 shows that the effects of the incubation
mixture on rat blood pressure and the aortic strip are
qualitatively similar. Since the rabbit aortic strip reacts
preferentially to angiotensin II, these data demonstrate
the formation of angiotensin II. The converting enzyme-
like activity could not be quantified because the opti-
mal reaction conditions are as yet unknown.
Purified rat renin substrate and purified rat renin5
showed no more than a very small effect of conversion
(less than 15%).
Angiotensinase activity. Table 2 shows the angio-
tensinase activity found in single JGA's and different
layers of the rat kidney. The results are expressed as
the mean half-life of Hypertensin found in a given
kidney for each structure analysed. The kidney of the
first nine animals (B-l to B-9) were processed accord-
ing to Method B. In one kidney (B-5) angiotensinase
activity was undetectable in both superficial and juxta-
medullary JGA. In another kidney (B-8), a longer
Generously donated by Dr. E. Haas.
Rat blood pressure Rabbit aortic strip
30 (1) 11 (10) 60 (1) 13 (10)
20 (2) 14 (11) <6 (2) 12 (11)
7 (3) 11 (12) <6 (3) 13 (12)
26 (4) 15 (13) 26 (4) 12 (13)
29 (5) 20 (14) 29 (5) 58 (14)
11 (6) 13 (15) <6 (6) 6 (15)
13 (7) 9 (16) 14 (7) 10 (16)
15 (8) 8 (17) <6 (8) 14 (17)
8 (9) 14 (18) <6 (9) 8 (18)
a Rat blood pressure and rabbit aortic strip assays were used
to differentiate angiotensin I from II. Values using the rabbit
aortic strip should be considered semiquantitative since the op-
timal reaction conditions for the conversion of angiotensin I
to II under these conditions are unknown. Numbers in brack-
ets refer to paired experiments.
angiotensin half-life was associated with juxtamedul-
lary JGA's. Otherwise the juxtamedullary JGA's ex-
hibited more angiotensinase activity than did the
superficial ones.
In five rats (B-i to B-5) aliquots of aglomerular
outer cortex and medullary tissues equivalent in vol-
ume to that of a microdissected JGA were assayed.
The highest activity of all tissues was found in aglo-
merular outer cortex. Values from medullary tissue
showed a great variation from the shortest observed
half-life (0.93 hours) to infinity. Only a few samples
of vasa recta and interlobular arteries were analysed
and they did not show a particularly short half-life.
Since JGA's obtained according to Method B still
contained blood which might be responsible for the
detected activity, determinations were done on five
kidneys prepared according to Method A (A-I to A-5).
The results obtained in these single superficial and
juxtamedullary JGA's were essentially the same as in
the first series.
When the percentage of angiotensin destroyed after
one hour of incubation was calculated for every single
JGA obtained either by Method A or B, the following
results were obtained (Table 3). Superficial JGA's
showed a mean destruction of 6.5 SD 7.2% whereas
juxtamedullary JGA's destroyed 11.5± SD 12.5% of
the added angiotensin.
In five other kidneys prepared according to Meth-
od A, 20 superficial and 20 juxtamedullary JGA's
were used to measure angiotensinase activity when
Table 1
Identification of the angiotensin formed by single
JGA after 1 hour of incubation (ng/JGA .0.1 ml . hr).a
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Table 2
Angiotensinase activity in superficial and juxtamedullary juxtaglomerular apparatuses and in different structures
of the kidney of rats a
Rat No. Single juxtaglomerular
apparatus
Outer
cortex
tissue
Medullary
tissue
Vasa
recta
Inter-
lobular
artery.
Superficial Juxta-
medullary
B-i 12.48 (5) 8.83 (5) 1.81 (4) 2.51 (5)
B-2 4.18 (4) 3.61 (4) 2.86 (5) 2.66 (4)
B-3 13.25 (4) 10.50 (4) 6.10 (4) 0.93 (4)
B-4 5.68 (4) — 2.11 (4) cc (3) cc (3) 5.03 (3)
B-S — — 2.86 (5) 8.55 (4) cc (1)
B-6 Cl) (6) 7.90 (5)
B-7 cc (4) cc (5)
B-8 4.55 (5) 5.45 (6)
B-9 cc (5) 9.60 (6)
A-i 7.80 (5) 5.80 (5)
A-2 9.10 (5) 3.17 (5)
A-3 14.10 (6) 2.35 (5)
A-4 CX) (6) 5.50 (6)
A-S CX) (6) cc (6)
a Expressed as half-life (t+) (hours) of synthetic valine-5-angiotensine 11 amide (Hypertensin, Ciba). The values exceeding 15 hours
are expressed as infinite (cc). The half-life represents mean value. The number of determinations is given in brackets.
A = tissue dissected according to method A, B = tissue dissected according to method B.
Table 3
Mean percentage of angiotensin destroyed by single
microdissected JGA after one hour of incubation,
and the effect of EDTA.
Angiotensin formation rate
(ng/JGA .0.1 ml . hr)
80
60
40
20
Superficial Juxtamedullary
JGA's JGA's
x N xN
Without EDTA
Method B 37 7.7% 7.0 35 9.9% 11.2
MethodAa 28 4.7% 7.3 27 13.6% 13.9
Total 69 6.5% 7.2 61 11.5% 12.5
MethodAa 20
With EDTAb
3.7% 6.2 20 6.5% 7.1
.
.
S
.5
.
S
U,
I.
.
.
.
S
.
.
S
2
S.
a Microdissection technic used (see Methods).
' 2 id of a 15 % solution of the ammonium salt of EDTA was
incorporated into the incubation mixture.
Superficial Juxtamed. Superficial Juxtamed
Na-Loaded Na-Deprived
Fig. 1. Renin activity of superficial and juxtamedullary single
JGA of sodium-deprived and sodium-loaded rats. The horizontal
bars represent mean values and the vertical lines SD. Juxtaglo-
merular apparatuses were dissected according to Method A.
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Table 4
Renin activitya of superficial and juxtamedullary single juxtaglomerular apparatusesb of sodium deprived and
sodium loaded rats
a ng of angiotensin (expressed as Hypertensin Ciba) formed
incubation (ng/JGA 0.1 ml hr).
'Obtained according to Method A of microdissection.
c See Methods for diets.
EDTA was added to the incubation mixture. In this
case the percentage of angiotensin destroyed after one
hour of incubation was about 50% of that found in
the previous series. We found a mean destruction of
3.7± SD 6.2% with superficial JGA's and 6.5±sD
7.1 % in juxtamedullary ones.
Renin activity, a) Method A: The experiments done
in order to check the different steps involved in
Method A showed the following results: renin activity
was found to be essentially the same in frozen and
non-frozen kidneys; when the left kidney was sepa-
rated in anterior and posterior halves, the amount of
renin was also similar from both frozen and non-
frozen halves.
Microfil, added before or after polymerization, did
not affect the rate of formation of angiotensin.
The four microdissected JGA's separated in a gb-
merular fragment and a vascular pole fragment showed
the following results: the mean renin activity of the
vascular pole fragment was 19.5 ngfJGA '0.1 ml' hr
(range: 7.9 to 37.5); in every case the glomerular frag-
ment failed to form any detectable amount of pressor
substances.
Fig. 1 and Table 4 give the values of renin activity
associated with single juxtamedullary and superficial
JGA's, microdissected according to Method A from
three sodium-loaded and five sodium-deprived rats.
As shown in Fig. I, wide scatter of the values of renin
activity was found with JGA's of sodium-deprived rats
whereas the data were more grouped in sodium-loaded
rats. Statistically, a significant difference was not found
when the mean renin activity of superficial and juxta-
Rat No.
Sodium loaded Sodium deprived
A-i A-2 A-3 A-4 A-5R-1 R-2 R-3
Superficial JGA's 8.2
5.3
8.3
14.3
0.0
0.0
6.7
13.0
5.7
9.0
3.3
12.5
4.0
4.3
0.0
27.0
27.6
16.8
32.4
15.6
76.1
42.1
63.9
66.7
48.8
18.2
61.1
2.1
45.6
33.0
23.7
54.4
72.3
17.3
56.6
44.8
47.7
12.4
25.0
37.1
3.8
25,3
10.6
Mean 7.2 6.9 4.8 23.9 59.5 38.8 35.6 20.4
Mean of all superfic. JGA's 6.3 36.0
JuxtamedullaryJGA's 7.4
19.7
0.0
17.2
16.7
12.5
1.1
2.3
2.1
1.3
11.3
1.6
0.0
1.8
7.3
12.6
40.8
4.6
51.0
20.4
43.2
16.9
0.0
34.6
9.3
78.4
9.1
19.1
3.9
65.1
39.2
6.4
0.0
25.5
8.0
36.9
16.1
Mean 12.2 3.9 4.4 25.9 20.8 43.7 26.7 17.3
Mean of all juxtamed. JGA's 6.8 24.6
per incubation mixture (0.1 ml) containing one JOA after one hour of
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Table 5
Renin activity a of superficial and juxtamedullary single juxtaglomerular apparatusesb of rats
Rat No.
1 2 3 4 5 6 7 8
Superficial JGA's 30.0
25.7
28.8
11.2
12.6
14.6
8.3
6.8
8.4
7.6
2.0
9.1
30.1
7.9
15.4
23.0
25.0
6.8
8.4
7.6
2.0
6.6
58.8
21.1
7.0
35.6
23.1
8.3
21.8
3.2
9.2
15.6
27.6
15.1
2.4
15.4
7.6
12.5
3.4
17.9
5.7
14.2
23.0
1.6
25.4
9.6
3.8
7.2
8.8
3.3
6.3
16.3
Mean 18.7 6.8 20.3 6.3 29.1 12.0 12.7 8.4
Mean of all superfic. JGA's 14.0
Juxtamedullary JGA's 20.0
4.8
1.7
6.6
0.9
23.3
11.1
14.4
38.9
35.4
2.7
31.5
11.6
9.1
0,9
23.3
11.1
14.4
29.3
15.4
16.8
42.3
42.3
8.7
21.9
11.4
6.4
20.6
5.5
6.9
3.8
9.3
16.3
14.4
13.3
12.9
5.3
15.5
0.0
3.4
6.0
8.4
2.8
15.6
5.4
11.0
6.6
4.6
Mean 8.8 11.3 24.0 11.8 29.2 11.5 4.1 8.6
Mean of all juxtamed. JGA's 13.4
10.8
a ng of angiotensin (expressed as Hypertensin-Ciba) formed per incubation mixture (0.1 ml) containing one JGA after one hour
of incubation (ng/JGA '0.1 mI hr).
b Obtained according to Method B.
C Maintained on standard Altromin diet with tap water ad libitum.
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Superficial Juxtamed.
Fig. 2. Renin activity of superficial and juxtamedullary single
JGA of rats maintained under standard Altromin diet. The
horizontal bars represent mean values and the vertical lines SD.
Juxtaglomerular apparatuses were dissected according to
Method B.
medullary JGA's of sodium-loaded rats was compared.
Similarly, no statistical difference was found between
the mean renin activity of superficial and juxtamedul-
lary JGA's of sodium-deprived rats.
A highly significant difference was found when
the mean renin activity of superficial or juxtamedul-
lary JGA's of sodium-loaded animals was compared
to that of sodium-deprived rats (superf. Na-loaded vs.
superf. Na-deprived: P<0.00l; superf. Na-loaded vs.
juxtamedullary Na-deprived: P<0.0l; juxtamedullary
Na-loaded vs. superf. Na-deprived: P<0.001; juxta-
medullary Na-loaded vs. juxtamedullary Na-deprived:
P.<0.001). The mean JGA renin activity varied from
one kidney to the other in both sodium-loaded and
sodium-deprived rats (Table 4).
b) Method B: Fig. 2 and Table 5 show individual
values for renin activity in single juxtamedullary and
superficial JGA's of eight rats fed a standard Altromin
diet. The kidneys were prepared and dissected accord-
ing to Method B. The mean renin activity of super-
ficial JGA's was 14.0 ng/JGA •O.1 ml .hr±sD 10.8.
The mean renin activity of juxtamedullary JGA's
(13.4 ng/JGA . 0.1 ml . hr±sD 10.8) was not statisti-
cally different from that encountered in superficial
JGA's. Wide scatter was encountered, extreme values
being 0 and 58.8. As shown in Table 5, the mean renin
activity in both groups of JGA's varied from one
kidney to the other.
Discussion
A modified method for microdissection of the single
JGA has been presented which complements the one
already described in a previous publication [19]. Both
methods are applicable, but Method A is technically
easier and it possesses a number of advantages over
Method B which can be summarized as follows:
1) The injection of Microfil removes blood from
the afferent arteriole and the glomerular capillary tuft.
We have previously reported [19] measurements of
renin activity separately in the glomerulus and its own
vascular pole. These determinations were done on
JGA's isolated according to Method B. The values
obtained showed a relatively high renin activity in the
vascular pole fragment whereas only traces of renin
were found in glomeruli separated from their vascular
poles. These traces of renin could have been derived
from plasma within the vascular tuft or from the
passive diffusion of renin from the epitheloid cells of
the afferent arteriole during the process of microdis-
section. Consequently, similar experiments were re-
peated as described herein using Method A. The gb-
merular fragment in this case failed to exhibit any
detectable amount of pressor substances. Two possible
explanations may be provided: first, Microfil as a non-
wetting agent replaces blood in the glomerular capil-
laries; second, the diffusion of renin out of the juxta-
gbomerular cells is no longer possible once the kidney
has been instantly frozen and freeze-dried.
2) Enzymatic processes operating in the kidney
should be stopped within a few seconds by immersion
in acetone and dry ice (—60°C).
3) Once freeze-dried, the kidney may be stored at
—20°C before use.
4) The time required for microdissection, an im-
portant factor in the dissection of fresh kidney, no
longer needs to be considered.
5) Microdissection is much easier to perform. Renal
renin content was not affected by freezing the kidney
in acetone and dry ice. When the kidney is immersed
in the cold mixture, the surface is most probably frozen
instantly, producing a protective coat which prevents
the diffusion of acetone and thus protects the proteins
against the deleterious effects of acetone. A minor
disadvantage is encountered by the fact that the kidney
cracks in most of the cases. Microfil was also shown
to be devoid of effect when added to the incubation
mixture.
In rats maintained on a standard Altromin diet, the
present data provide evidence for the presence of con-
Angiotensin formation rate
(ng/JGA .0.1 ml . hr)
60-
40-
20-
0_
••
.
S
.
S
S...
:...
86 Granger et a!.
verting enzyme-like activity in the area of the JGA,
and measurements of the activity of angiotensinase
and renin in single superficial and juxtamedullary
JGA's.
Our demonstration of converting enzyme-like activ-
ity in single microdissected JGA's agrees with the find-
ings of Horky et al [25] and Bailie, Rector and Sel-
din [26] who respectively reported the presence of con-
verting enzyme in thoracic duct lymph of the rat above
the entrance of the renal lymph vessels, and a marked
increase of angiotensin II in the renal hilar lymph
vessels of the dog following hemorrhage or renal
arterial constriction. Our results are, however, at vari-
ance with those of Ng and Vane [27] who reported
the absence of conversion of angiotensin I as it was
perfused in vivo through the kidney. If, however, con-
verting enzyme activity is located within the JGA and
possibly structurally bound, the conversion of infused
angiotensin 1 might not be expected as it bypasses the
maximal site of converting enzyme activity. Never-
theless, other workers have presented evidence that
part of the angiotensin I passing through the kidney
is converted to angiotensin 11 [28—30].
Angiotensinase activity was shown to be higher in
juxtamedullary JGA's. The blood present in the gb-
merular tuft of the microdissected structure (JGA)
may have been partly responsible for the angioten-
sinase activity found. This appeared not to be the
case, however, because when blood was replaced by
Microfil, a non-wetting agent, a similar pattern of
distribution was found.
We did not try to characterize the exact location of
angiotensinase activity any further since one of the
major goals of these experiments was simply to stress
the importance of angiotensin inactivation when renin
was determined in single microdissected JGA's. It is
possible that angiotensinase activity was associated
with the structural components of the glomerular tuft
or the vascular pole. It is known that juxtamedullary
glomeruli are larger than superficial glomeruli in rats
[31] and this difference in size could explain the higher
activity. Further work is required to elucidate the
exact structural location of angiotensinase activity.
The highest angiotensinase activity was found to be
associated with tissue from the aglomerular outer cor-
tex. It would be of interest in future studies to see
whether it is found in proximal or distal tubules, or
both. We cannot provide any explanation for the
variability in the angiotensinase activity of medullary
tissue.
We failed to find a different renin activity between
juxtamedullary and superficial JGA of rats main-
tained on a standard Altromin diet. Sodium restric-
tion and sodium loading respectively increased or de-
creased renin activity of both the superficial and
juxtamedullary JGA's, In sodium-restricted rats mean
renin activity of superficial JGA's was slightly higher
but statistically no different than that of juxtamedullary
JGA's. The discrepancies between our results and
those of Gavras et al [18] may well reflect a species
difference. Preliminary results obtained in our labora-
tory indicate that in the rabbit kidney there indeed
exists a much higher renin activity in superficial JGA's
than in juxtarnedullary ones. Moreover the method
used by Gavras et al [18] for renin assay is too differ-
ent from our own to permit comparison. However,
it is possible that small differences between superficial
and juxtamedullary JGA's in the rat kidney may be
detected when more sensitive methods are available.
Our results of renin activity in single superficial and
juxtamedullary JGA's are also at variance with those of
juxtaglomerular indexes in these locations. It is known
that the rat juxtaglomerular index is lower in juxta-
medullary than superficial JGA's [32]. This difference
relates well to the results of tissue renin analysis [9].
Such a dissociation between JGA renin and juxta-
glomerular indexes of superficial and juxtamedullary
JGA's is, however, observed by Brown et al [16] fol-
lowing renal arterial constriction, and it has also been
shown for newborn animals by Granger et al [33].
Micropuncture work performed by Horster and
Thurau [34] on rat kidneys showed that a high sodium
diet increased the superficial single nephron filtration
rate, whereas the juxtamedullary filtration rate was
found to be decreased. The increase in superficial fil-
tration rate caused by salt loading, which has been
reported by several laboratories, is consistent with our
present finding that renin activity in superficial JGA's
is reduced under these conditions. Neither the higher
filtration rates of juxtamedullary gbomeruli during low
salt diet, nor their decrease on a high salt diet, can be
explained by the observed changes in renin activity of
j uxtamedullary JGA's.
The effective angiotensin level at the site of the
JGA may not be predicted from measurements of
renin activity in the JGA. As shown in the present
study, the angiotensinase activity varies from super-
ficial to juxtamedullary JGA's and even from one
apparatus to the other within a given area. We have
also obtained results which are compatible with the
presence of converting enzyme-like activity in single
Enzyme activities of the juxtaglomerular apparatus 8
microdissected JGA's. Evidence exists [25, 35, 36] that
renin substrate is certainly available in the surround-
ings of the JGA since renin substrate is present in the
renal lymph. These factors are all involved in the turn-
over of angiotensin, and determinations of the effector
of the system (angiotensin II) are required to prove
that the control of glomerular filtration is mediated
by the renin-angiotensin system. The data presented
here, however, do provide evidence that the enzymes
required for the local formation of angiotensin II in
the JGA are existent within this area of the kidney.
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